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BACKGROUND: Diabetes mellitus is an independent risk factor

for cardiovascular disease and is also associated with increased sus-

ceptibility to cardiovascular complications. It has been suggested that

alterations in glucose metabolism and glucose flux via the aldose

reductase pathway make the diabetic heart more sensitive to

ischemic-reperfusion injury. Previous studies have found sulindac to

have inhibitory and anti-inflammatory effects on aldose reductase.

The use of aldose reductase inhibitors for the protection of ischemic

myocardium is still in an exploratory state. 

OBJECTIVES: To evaluate the therapeutic potential of sulindac in

an in vivo rat model of acute ischemia (30 min) and reperfusion (4 h)

in diabetic and nondiabetic rats. 

METHODS: Diabetes was induced in rats by administering strepto-

zotocin (45 mg/kg, intravenously). Myocardial infarction was

induced by occlusion of the left anterior descending coronary artery

for 30 min followed by 4 h of reperfusion. Infarct size was measured

using the staining agent 2,3,5-triphenyltetrazolium chloride. A lead II

electrocardiogram was monitored at various intervals throughout the

experiment. Sorbitol dehydrogenase levels in heart tissue, as well as

lipid peroxide levels in serum and heart tissue, were estimated spec-

trophotometrically. 

RESULTS: Infarct size was increased in diabetic rats in comparison

with normal rats. Pretreatment with sulindac significantly reduced

infarct size, lipid peroxidation and sorbitol dehydrogenase levels in

both diabetic and nondiabetic rats. The degree of cardioprotection

was greater in diabetic rats than in nondiabetic rats. 

CONCLUSIONS: The present study indicates that the observed

cardioprotection provided by sulindac in terms of reducing infarct

size in normal rats may be due to its combined antioxidant and anti-

inflammatory activities. The inhibition of aldose reductase may be

responsible for the enhanced cardioprotection observed in diabetic

rats treated with sulindac. 
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Diabetic patients with coronary artery disease have high
morbidity and mortality (1), with the incidence of heart

failure after myocardial infarction significantly greater in
patients with diabetes than in nondiabetic patients (1,2).
Several alterations in myocardial metabolism at the myocyte
level may contribute to the development of a number of
chronic biochemical changes in diabetic hearts (3). Of the
mechanisms proposed to explain the pathogenesis of diabetic
complications, increased metabolism of glucose via the polyol
pathway has received considerable attention (3). Currently,
aldose reductase inhibitors are being developed as potential
therapeutic interventions for diabetic complications. Several
studies (4,5) have shown modest improvements in neuronal,
renal, retinal and cardiac functions in diabetic subjects after
treatment with aldose reductase inhibitors. Activation of the
polyol pathway triggers inflammatory mediators and con-
tributes to free radical generation, which may also lead to the
progression of micro- and macrovascular diabetic complications
(6,7). Several studies (8,9) also suggest that anti-inflammatory
agents such as sulindac, indomethacin and piroxicam have
beneficial effects in streptozotocin (STZ)-induced diabetic
neuropathy in rats. In a previous study (10), we demonstrated

the protective actions of sulindac in rats with STZ-induced
diabetic cardiomyopathy. Beneficial effects observed in those
studies may have been due to the combined inhibition of
cyclo-oxygenase enzymes and polyol pathway activity. Several
experimental studies (11,12) have demonstrated that aldose
reductase activity is a key contributor to ischemic injury and
aldose reductase-inhibited hearts. When subjected to
ischemia-reperfusion, diabetic hearts exhibited less ischemic
injury and improved cardiac function compared with nondia-
betic hearts. These findings indicate that pharmacological
inhibitors of aldose reductase present a novel adjunctive
approach for protecting ischemic hearts. There is experimental
evidence that a variety of anti-inflammatory drugs have been
successfully used in reducing infarct size against ischemia-
reperfusion injury (13-15). 

Sulindac is a nonselective aldose reductase inhibitor, and is
a sulfoxide prodrug that, in vivo, is converted into the metabo-
lites sulindac sulfide and sulfone (16). It also possesses anal-
gesic, antipyretic, anticarcinogenic and anti-inflammatory
properties. Although the inhibition of prostaglandin synthesis
by inhibiting cyclo-oxygenase constitutes its primary mecha-
nism, free radical scavenging activity for all reactive nitrogen
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species, reactive oxygen species and hypochlorous acid may
strongly contribute to its anti-inflammatory activity (16).
Despite the free radical scavenging activity, as well as the
inhibitory and anti-inflammatory activities of sulindac on
aldose reductase, the cardioprotective effect of sulindac against
ischemia-reperfusion injury has so far not been evaluated.
Hence, the present study was designed to investigate the pro-
tective action of sulindac, a nonselective aldose reductase
inhibitor, against ischemia-reperfusion-induced myocardial
infarction in diabetic rats. 

METHODS
Animals
Sprague Dawley rats of either sex, weighing 200 g to 250 g,
were selected. Rats were maintained under standard laboratory
conditions at 25±2°C, relative humidity of 50±15%, and nor-
mal photoperiod of 12 h light and 12 h darkness. A commer-
cial pellet diet (Rayan Biotechnologies Pvt Ltd, India) and
water were provided ad libitum. The experimental protocol
was approved by the Institutional Animal Ethics Committee
and by the animal regulatory body of the government (Regd
No 516/01/A/CPCSEA).

Chemicals 
STZ and sulindac were purchased from Sigma Chemicals Ltd
(USA). 2,3,5-triphenyltetrazolium chloride (TTC) was pur-
chased from BDH chemicals Ltd (United Kingdom) and
1,1,3,3-tetraethoxypropane was purchased from Sigma
Chemicals Ltd (USA). All other chemicals and reagents used
were of analytical grade.

Induction of diabetes 
STZ was dissolved in citrate buffer (pH 4.5) and administered
at a dose of 45 mg/kg with a single injection into the tail vein of
animals lightly anesthetized with ether. After 48 h, diabetes was
confirmed by estimates of serum glucose levels using the GOD-
POD method (17). Animals were observed for three weeks.
Rats showing glucose levels of 19.42 mmol/L to 22.2 mmol/L
were used in the experiment. 

Experimental design
A total of 48 rats (24 normal and 24 diabetic surviving rats)
were used. The rats were divided into eight groups (four nor-
mal and four diabetic groups), each group consisting of six ani-
mals. Sulindac was dissolved in dimethyl sulfoxide and
administered as an intraperitoneal injection 10 min before
reperfusion. Treatment groups were as follows: group 1, normal
sham control group treated with vehicle; group 2, normal con-
trol group treated with vehicle; groups 3 and 4, normal groups
treated with sulindac at doses of 10 mg/kg and 20 mg/kg,
respectively; group 5, diabetic sham control group treated with
vehicle; group 6, diabetic control group treated with vehicle;
groups 7 and 8; diabetic groups treated with sulindac at doses of
10 mg/kg and 20 mg/kg, respectively. All groups were subjected
to ischemia-reperfusion except groups 1 and 5.

Surgical preparation 
Rats were anesthetized with thiopentone sodium (30 mg/kg,
intraperitoneally), tracheotomized and ventilated with room air
using a Techno positive pressure mechanical respirator
(Crampton Parkinson Ltd., United Kingdom). A left thoraco-
tomy and pericardiotomy were performed, and the left coronary

artery was dissected free above the first diagonal branch and was
ligated just below the origin of the left circumflex artery with
the help of a silk thread (6.0). The artery was occluded for
30 min by a knot. The silk thread was removed after 30 min
with the help of two knot releasers to allow reperfusion of the
heart for 4 h. A lead II electrocardiogram was monitored at var-
ious intervals throughout the experiment by using Cardiart 408
(BPL Ltd, India) with 20 mm/mV sensitivity at a paper speed of
50 mm/s.

Quantification of infarct size
After sacrificing the animals in all the groups by injecting
2.56 M KCl directly into the left ventricle, the heart was
immediately excised from the thorax and the greater vessels
were removed. The left ventricle was separated from the heart
and weighed. It was sliced parallel to the atrioventricular
groove in 2 mm to 3 mm thick sections, and the slices were
incubated in 1% TTC solution prepared in pH 7.4 phosphate
buffer for 30 min at 37°C (18). In viable myocardium, TTC is
converted by dehydrogenase enzymes to formazan, a red pig-
ment that stains tissue dark red (19). Nonviable infarcted
myocardium that does not take TTC stain remains pale in
colour. The pale necrotic tissue was separated from the stained
portions and weighed on an electronic balance (Dhona 200D,
Dhona Instruments Pvt Ltd, India). Infarct size was calculated
as the percentage fraction of nonviable myocardium of the left
ventricle.

Determination of lipid peroxide levels in serum 
Before sacrificing animals at the end of the 4 h reperfusion, a
2 mL blood sample was collected from the left ventricle for esti-
mating lipid peroxide levels in blood serum. Serum lipid perox-
ide levels were estimated by the method developed by Yagi (20).
Tetraethoxypropane (in amounts of 0.5 nmol, 1 nmol, 2 nmol,
4 nmol, 6 nmol, 8 nmol and 10 nmol) served as an external stan-
dard. Lipid peroxide levels in serum were expressed as nmol/mL.

Determination of lipid peroxide levels in myocardium 
Lipid peroxide levels in the myocardium were measured by the
method developed by Ohkawa et al (21). Briefly, the infarcted
left ventricular tissues were homogenized in 1.15% KCl (10%
weight/volume). The assay mixture, consisting of 0.1 mL of tis-
sue homogenate, 0.2 mL of 8.1% sodium dodecyl sulphate,
1.5 mL of 20% acetic acid (adjusted to pH 3.5 with NaOH)
and 1.5 mL of 0.8% aqueous solution of thiobarbituric acid,
was heated for 60 min at 95°C. Thereafter, the mixture was
cooled and extracted with a 5 mL mixture of n-butanol and
pyridine (15:1 volume/volume). After centrifugation at
4000 rpm for 10 min, the organic phase was assayed spec-
trophotometrically at 532 nm. Tetraethoxypropane (in
amounts of 2 nmol, 4 nmol, 6 nmol and 8 nmol served as an
external standard. Malondialdehyde levels in myocardium
were expressed as nmol/g of tissue.

Determination of sorbitol dehydrogenase in heart tissue 
Sorbitol dehydrogenase was assayed by the method of Urlich
(22). To 1.6 mL of triethanolamine buffer, 0.1 mL of NADH
was added followed by addition of 1.0 mL of tissue
homogenate. The mixture was incubated for 30 min at 25°C
until the extinction was constant. Then 0.3 mL of D-fructose
was added and mixed to start the reaction. The extinction was
read at 60 s intervals for 5 min to 8 min (until the absorbance
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was stabilized) at 365 nm. A mixture containing reagents with-
out tissue homogenate served as a control. Enzyme activity was
calculated by multiplying 882 with the change in extinction
(882 × change in extinction). The enzyme activity was
expressed as units/g protein. Protein was measured by the
method developed by Lowry et al (23). 

Statistical analysis
The results are expressed as mean ± SEM. Differences in
infarct size, serum and tissue lipid peroxide levels, and sorbitol
dehydrogenase levels were determined using one-way ANOVA.
Individual groups were compared using Tukey’s post hoc test.
Differences with P<0.001 were considered to be statistically
significant.

RESULTS
Effect of sulindac on myocardial infarct size 
In the normal control group, the per cent left ventricle necrosis
was 35.69±1.02%, which was statistically significant compared
with the normal sham control group (1.9±0.3%) (Figure 1). In
the normal groups treated with sulindac at doses of 10 mg/kg
and 20 mg/kg, infarct size was significantly (P<0.001) decreased
to 26.92±1.43% and 23.74±0.96%, respectively. In the diabetic
groups, infarct size was 66.44±1.55%, which was statistically
significant compared with the diabetic sham control group

(4.16±0.25%). In the diabetic groups treated with sulindac at
doses of 10 mg/kg and 20 mg/kg, infarct size was 32.34±1.61%
and 19.94±1.51%, respectively.

Effect of sulindac on lipid peroxide levels in serum and
heart tissue 
In the normal sham control group, lipid peroxide levels in serum
and heart tissue were 3.51±0.44 nmol/mL and 7.53±0.34 nmol/g
tissue, respectively. Lipid peroxide levels in serum and heart tis-
sue of control animals were 23.5±1.7 nmol/mL (Figure 2) and
128.3±1.8 nmol/g tissue (Figure 3), respectively. In the normal
groups treated with sulindac at a dose of 10 mg/kg, lipid perox-
ide levels in serum and heart tissue were 20.1±0.9 nmol/mL and
120.8±0.9 nmol/g tissue, respectively. In the normal groups
treated with sulindac at a dose of 20 mg/kg, the lipid peroxide
levels in serum and heart tissue were 16.5±1.7 nmol/mL and
111.9±1.7 nmol/g tissue, respectively. In the diabetic sham con-
trol group, lipid peroxide levels in serum and heart tissue were
5.20±0.75 nmol/mL and 16.60±0.93 nmol/g tissue, respectively.
In the diabetic control group, lipid peroxide levels in serum and
heart tissue were 37.0±1.4 nmol/mL and 165.1±2.0 nmol/g tis-
sue, respectively. In the diabetic groups treated with sulindac at
a dose of 10 mg/kg, lipid peroxide levels in serum and heart tis-
sue were 24.24±1.49 nmol/mL and 129.84±1.70 nmol/g tissue,
respectively. In the diabetic groups treated with sulindac at a
dose of 20 mg/kg, lipid peroxide levels in serum and heart tissue
were 15.64±1.72 nmol/mL and 101.61±1.68 nmol/g tissue,
respectively. 

Effect of sulindac on sorbitol dehydrogenase levels in heart
tissue 
In the normal control group, sorbitol dehydrogenase level was
4.1±0.16 U/g protein, which was statistically significant com-
pared with normal sham control group (2.85±0.69 U/g protein)
(Figure 4). In normal groups treated with sulindac at doses of
10 mg/kg and 20 mg/kg, sorbitol dehydrogenase levels were
3.1±0.29 U/g protein and 3.2±0.35 U/g protein, respectively. In
the diabetic control group, sorbitol dehydrogenase level was
12.5±0.66 U/g protein, which was statistically significant com-
pared with diabetic sham control group (5.62±0.78 U/g pro-
tein). In diabetic groups treated with sulindac at doses of
10 mg/kg and 20 mg/kg, sorbitol dehydrogenase levels were
10.3±0.47 U/g protein and 8.7±0.36 U/g protein, respectively.
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Figure 1) Effect of sulindac on per cent left ventricle necrosis of exper-
imental group animals. Values are expressed as mean ± SEM (n=6
animals per group). aP<0.001 versus normal sham control; bP<0.001
versus normal control; cP<0.001 versus diabetic control; dP<0.001
versus diabetic + 10 mg/kg sulindac 
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Figure 2) Effect of sulindac on lipid peroxide levels in serum of
experimental group animals. Values are expressed as mean ± SEM
(n=6 animals per group). aP<0.001 versus normal sham control;
bP<0.001 versus normal control; cP<0.001 versus diabetic control;
dP<0.001 versus normal + 10 mg/kg sulindac; eP<0.001 versus dia-
betic + 10 mg/kg sulindac
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Figure 3) Effect of sulindac on lipid peroxide levels in heart tissue of
experimental group animals. Values are expressed as mean ± SEM
(n=6 animals per group). aP<0.001 versus normal sham control;
bP<0.001 versus normal control; cP<0.001 versus diabetic control;
dP<0.001 versus normal + 10 mg/kg sulindac; eP<0.001 versus dia-
betic + 10 mg/kg sulindac
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Effect of sulindac on heart rate 
Heart rate was recorded at various time intervals during the
experiment for all groups (Table 1).

DISCUSSION
Diabetes-induced changes within the heart appear to be
important contributing factors to injury during and following
acute myocardial infarction (24). Despite clinical data indicat-
ing that the diabetic heart is more sensitive to ischemic injury,
animal studies (24) have produced inconsistent results regard-
ing the sensitivity of diabetic hearts to ischemic injury. 

Oxidative stress is believed to play a role in the pathogene-
sis of ischemic-reperfusion injury. During ischemic-reperfusion
injury, a number of events that predispose the heart to the for-
mation of reactive oxygen species may occur. These oxygen
free radicals may result in depression of contractile function,
arrhythmias, depletion of endogenous antioxidant enzymes,
and membrane permeability changes resulting in an increase in
myocardial lipid peroxidation. In addition, activation of phos-
pholipases during reperfusion releases membrane fatty acids
including arachidonic acid, thereby modulating the inflamma-
tory response leading to free radical-mediated tissue damage. 

In the present study, lipid peroxide levels in serum and
heart tissue in the diabetic sham control group were signifi-
cantly higher than those in the normal sham control group.
This finding clearly indicates that diabetic hearts are more
susceptible to oxidative stress. Increased lipid peroxide levels
in serum and heart tissues of the diabetic control group, in
comparison with the normal control group, further confirm
oxidative-mediated damage during ischemia-reperfusion in
diabetic hearts. Diabetic and nondiabetic groups treated with
sulindac at 10 mg/kg and 20 mg/kg had decreased lipid perox-
ide levels in serum and heart tissues in a dose-dependent man-
ner. In accordance with earlier studies (16), anti-inflammatory
and antioxidant activities of sulindac may be responsible for
the decreased lipid peroxide levels in nondiabetic and diabetic
rats.

In the normal control group, a continuous decrease in heart
rate was observed during 30 min coronary artery ligation and
throughout the reperfusion period compared with the sham
control group (Table 1). Similarly, in the diabetic control
group, a continuous decrease in heart rate was observed during
30 min coronary artery ligation and throughout the reperfusion
period compared with the diabetic sham control group. The
groups treated with sulindac at doses of 10 mg/kg and 20 mg/kg
produced slight decrease in heart rate during 30 min coronary

artery ligation. Thereafter, heart rate gradually increased
throughout the reperfusion period and restored to near normal
value at the end of the 4 h in both diabetic and nondiabetic
rats.

In the present study, infarct size was larger in the diabetic
control group than in the normal control group when subjected
to ischemia-reperfusion injury. Enhanced polyol pathway acti-
vation might be responsible for the increased infarct size as evi-
denced by enhanced levels of sorbitol dehydrogenase in
diabetic rats. Activation of the polyol pathway has long been
implicated as one of the major underlying causes for the devel-
opment of diabetic complications (25). Studies (11,12) of car-
diac tissue from diabetic rats have also suggested the possible
involvement of the polyol pathway in the development of
cardiac-related diabetic complications. High levels of glucose
in many tissues lead to accumulation of sorbitol via the polyol
pathway. In this way, glucose is reduced to sorbitol by aldose
reductase and sorbitol is then oxidized by sorbitol dehydroge-
nase to fructose. However, it is well reported that elevated lev-
els of sorbitol have been considered to be pathogenic in
diabetic complications. Tilton et al (26) have demonstrated
that polyol pathway-linked vascular dysfunction induced by
diabetes is more closely linked to increased oxidation of sor-
bitol to fructose than to either the osmotic effects of elevated
sorbitol levels or metabolic imbalances associated with reduc-
tion of glucose to sorbitol by aldose reductase. Hwang et al (27)
demonstrated that sorbitol dehydrogenase is a novel target for
the protection of ischemic myocardium. Increased sorbitol

Therapeutic potential of sulindac against ischemia-reperfusion
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TABLE 1
Heart rate at various stages of occlusion and reperfusion

Heart rate (beats/min)

Treatment groups BO MO IAR 1 h AR 2 h AR 3 h AR 4 h AR

Normal sham control 410.7±30.9 392.2±19.2 342.2±19.2 361.1±24.1 361.1±24.1 377.2±24.1 383.3±0.0

Normal control 434.5±62.7 366.1±37.5 326.1±37.5 338.9±47.7 338.9±47.7 344.9±12.8 358.9±10.4

Normal + 10 mg/kg sulindac 434.5±22.7 377.2±24.0 370.2±24.0 378.9±47.7 381.1±24.1 387.2±24.1 393.9±66.7

Normal + 20 mg/kg sulindac 422.4±11.2 389.2±14.5 377.2±14.0 392.8±8.9 392.8±10.9 399.1±24.1 403.1±24.1

Diabetic sham control 392.8±30.9 381.1±19.2 381.1±19.2 385.9±37.6 380.7±12.6 386.1±7.6 375.0±23.3

Diabetic control 374.9±12.5 332.2±9.2 315.1±12.2 311.1±14.1 319.5±13.8 328.0±13.3 333.9±16.7

Diabetic + 10 mg/kg sulindac 410.7±10.8 362.2±19.2 344.2±19.2 351.1±24.1 368.7±24.1 376.0±17.6 382.1±11.9

Diabetic + 20 mg/kg sulindac 418.4±9.65 382.1±8.7 356.6±13.3 362.5±9.2 369.8±6.2 385.0±11.5 386.6±13.5

Data are presented as mean ± SD. 1 h AR One hour after reperfusion; 2 h AR Two hours after reperfusion; 3 h AR Three hours after reperfusion; 4 h AR Four hours
after reperfusion; BO Before occlusion; IAR Immediately after reperfusion; MO Middle of occlusion 
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Figure 4) Effect of sulindac on sorbitol dehydrogenase levels in heart
tissue of experimental group animals. Values are expressed as mean ±
SEM (n=6 animals per group). aP<0.001 versus normal sham con-
trol; bP<0.001 versus normal control; cP<0.001 versus diabetic con-
trol; dP<0.001 versus diabetic + 10 mg/kg sulindac
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dehydrogenase activity directly influences the redox ratio of
NADH/NAD+ in diabetic hearts and profoundly affects energy
use during ischemia-reperfusion (28). In the present study, sor-
bitol dehydrogenase activity in the diabetic control group was
increased compared with the diabetic sham control group in
accordance with previous findings, which revealed that cardiac
sorbitol dehydrogenase activity is increased during ischemia.
In groups treated with sulindac at doses of 10 mg/kg and
20 mg/kg, sorbitol dehydrogenase activity significantly
decreased the in diabetic rats in a dose-dependent manner. 

In groups treated with the sulindac, infarct size was reduced
significantly in both diabetic and nondiabetic rats. In diabetic
groups treated with sulindac at doses of 10 mg/kg and 20 mg/kg,
infarct size decreased in a dose-dependent manner, whereas in
normal groups treated with sulindac, the decrease in infarct size
was not dose dependent. In addition, diabetic groups treated
with sulindac exhibited a higher degree of cardioprotection than

normal-treated groups. The enhanced cardioprotection offered
by sulindac in diabetic rats might be responsible for aldose
reductase inhibition thereby inhibiting the polyol pathway. This
was evident by significant reductions in the sorbitol dehydroge-
nase levels.

CONCLUSION
The present study indicates that the observed cardioprotec-
tion provided by sulindac in terms of reducing infarct size in
normal rats may be due to its combined antioxidant and anti-
inflammatory activities. The inhibitory activity of sulindac on
aldose reductase is probably responsible for the enhanced car-
dioprotection offered by sulindac in diabetic rats. Thus, the
present study suggests a potential role of sulindac in inhibiting
aldose reductase, thereby reducing infarct size in ischemia-
reperfusion-induced myocardial infarction in both diabetic
and nondiabetic rats.
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